A study of endosulfan excretion in human urine was carried out by using an agricultural worker involved with spraying, wearing protective overall, gloves and breathing mask. The urine samples were extracted with Solid Phase Extraction (SPE) cartridges and the compounds were separated and detected using Gas Chromatography-Tandem Mass Spectrometry (GC-MS/MS) due to their high sensitivity and selectivity in preventing most matrix interferences. The a-and b-isomers of endosulfan were detected (total concentrations ranged between 5368 and 2239 pg/ml) but endosulfan-ether, -lactone or -sulphate were not found above the detection limits. The results obtained were compared with the concentrations found for a non-occupational exposed man. Statistical interpretation of the excretion-rate of the insecticide was performed by assuming that it can be described as a first-order kinetic. The constant rate and the half-lives were determined.
Introduction
Endosulfan (C,C%-(1,4,5,6,7,7-hexachloro-8,9 ,10 trinorborn-5-en-2,3-ylene) (dimethyl sulphite)) is a chlorinated insecticide used in many countries. It is liposoluble and persistent in the environment (Worthing, 1983) . In the technical grade, endosulfan contains two stereoisomers: a-and b-endosulfan (a-and b-end) . It is metabolised and excreted in the urine and faeces as oxidation products like endosulfan-sulphate, -alcohol, -ether or -lactone resulting from the cleavage of the cyclic sulphite group. Endosulfan penetrates the intact skin and is also absorbed by inhalation and through the gastrointestinal tract (WHO, 1975; Menzie, 1978; Aizawa, 1982; Astolfi, 1984) . Endosulfan has shown to have an oestrogenic effect on humans (Soto et al., 1994) .
Almería is an area concerned by the use of important amounts of pesticides where endosulfan represents the 5.3% of the total amount of pesticides applied (10.69% of the insecticides; Cabello and Cañ ero, 1994) . It has been detected (in all the cases beneath the permitted limits) in 33.3% of This article is dedicated to Dr Antonio Arrebola Ramírez of the University of Granada, in memoriam.673 vegetable samples (pepper, cucumber, watermelon, baby marrow, green bean, tomato, melon and aubergine) analysed in our laboratory.
In a previous paper, we have developed a method for determining endosulfan and its metabolites in human urine samples using solid phase extraction (SPE) and gas chromatographytandem mass spectrometry (GC-MS/MS; Martínez Vidal et al., 1998) . Urine samples from nine pest control operators in Almería (Spain) who recognised the use of endosulfan were analysed. Different amounts of the insecticide and its metabolites were found but the level of exposure and protections employed were unknown.
A study of urine excretion has been reported after a volunteer applied endosulfan wearing an overall, gloves and breathing mask in a greenhouse in controlled experimental conditions. The results obtained were compared with the concentrations found for a non-occupational exposed man.
Materials and method

Chemicals and equipment
Pesticide grade n-hexane, diethyl ether and methanol from Merck (Darmstadt, Germany) were used. Organic-free water was prepared by distillation and then by Milli-Q SP treatment (Millipore Corporation, USA). Pesticide analytical standard materials were purchased from Riedel-de-Haën (Seelze -Hannover, Germany) with purities higher than 99%. Stock solutions of individual pesticides at 400 mg/ml were prepared in n-hexane and stored in a freezer ( − 30°C). The standard working solutions were obtained by appropriate dilutions with the same solvent and stored in a refrigerator (4°C). A buffer solution (pH =7) was prepared by dissolving 1.179 g of KH 2 PO 4 and 4.303 g of Na 2 HPO 4 (both from Merck) in a litre of Milli-Q water. Sep-Pak cartridges for solid phase extraction packed with 500 mg of C 18 purchased from Waters (Milford, MA, USA) were available.
A Saturn 2000 ion trap mass spectrometer (Varian Instruments, Sunnyvale, CA, USA) was used. The gas chromatograph was fitted with a splitless programmed temperature injector and a DB5-MS 30 m× 0.25 mm i.d. × 0.25 mm film thickness (J&W Scientific, Folsom, CA, USA) chromatographic column. The detector was operated in the electron ionisation (EI) mode and the MS/MS option was used. The carrier gas used was helium (purity 99.999%). A test tube shaker with a speed control was purchased from IkaWorks (Wilmington, NC, USA).
Application of endosulfan in the greenhouse
The study was performed in Almería (Spain). The applicator was a 34-year-old man who had barely applied endosulfan on previous occasions. A Tivek Pro-Tech protective overall, gloves and breathing mask were worn for the application. The experiment was conducted in a 1000-m 2 flat roof experimental greenhouse of polyethylene which was in use for the growth of peppers and cucumbers. Three hundred litres of endosulfan were applied at a dose rate of 0.7 g/l. A semi-stationary high volume two-stroke sprayer operating at a nominal flow rate of 3.7 l/min was used for application spraying from ground level upwards to a height of approximately 2 m for 25 min.
Sampling
Ten urine samples were collected up to 3 days after the application in sterilised polyethylene bottles from the pest control operator and a single sample from the non-occupational exposed man. They were kept frozen at − 30°C until analysis. No exposure to endosulfan took place during the collection time.
Analytical procedure
Urine extraction procedure
Three ml of urine were mixed with 7 ml of buffer solution pH=7 (1.179 g of KH 2 PO 4 and 4.303 g of Na 2 HPO 4 in a litre of Milli-Q water) using a test tube shaker. The mixture was passed through the C 18 cartridge (Waters, Milford, MA, USA) previously conditioned with 5 ml of methanol and 3 ml of buffer solution (pH=7) in that order and avoiding dryness. To carry out a clean up step, 1 ml of distilled water and 0.1 ml of methanol consecutively were added. The cartridges were dried by passing air through them for 10 min by means of a vacuum pump. The analytes were eluted using 5 ml of a mixture n-hexane-diethyl ether (80:20). The extract obtained was evaporated under a stream of nitrogen without heat and redissolved in 0.5 ml of n-hexane. Thus the extract was ready to be injected into the gas chromatograph.
GC-MS/MS conditions
A 2-ml aliquot of the extract was injected with the split in the gas chromatograph closed for 1 min. The carrier gas flow was 36.6 cm/s at 150°C oven temperature. The injector temperature was programmed from 90°C (hold 0.1 min at 90°C) to 280°C at 200°C/min (hold 18 min at 280°C). The oven temperature was modified from 60°C (hold 1 min at 60°C) to 220°C at 50°C/min and then from 220 to 300°C at 5°C/min. The transfer-line, the trap and manifold temperatures are, respectively, 260, 200 and 45°C. The emission current was set at 80 mA and the Automatic Gain Control (AGC) was switched on with an AGC target set at 3000 counts. The A/M amplitude was 3.6 V. The MS/ MS parameters are summarised in Table 1 . The calibration was performed using dieldrin as internal standard at 1000 pg/ml and spiking clean urine samples with the analytes (solid standards purchased from Riedel-de-Haën, Seelze-Hannover, Germany) in the linear range 50-4000 pg/ml. The limits of detection were ranged between 6 and 18 pg/ml for the different compounds, the recoveries (%) of the extraction method at a fortification level of 10 ng/ml were between 89.2 and 111.8, and the relative standard deviations (%) were between 9.1 and 12.8. The base peak was selected for quantification in all cases.
Results and discussion
In Fig. 1 is shown a gas chromatogram of an urine sample fortified at 2000 pg/ml of each compound. Good separation among peaks can be observed. In Fig. 2 are represented the MS/MS spectra of the analytes in the selected conditions.
The analytical method was used to analyse the urine samples. The results obtained are summarised in Table 2 . In all the urine samples a-and b-end were detected but the metabolites were not found above the detection limits. A gas chromatogram from an urine sample analysis is shown in Fig. 3 .
The highest concentration of insecticide in the urine (5368 pg/ml) was reached at approximately 0.2 days after the application was made. Afterwards, the concentration was in decline for 1.5 days until a constant value (2239 -2535 pg/ml) similar to the concentration found in the urine sample from the non-occupational exposed man (2416 pg/ml).
The data obtained at different period of times were used to study their excretion rate according to the first-order rate equation (Frost and Pearson, 1961) :
where C t is the concentration at time t, C 0 the initial concentration, and k the rate constant. In Fig. 4 are represented the neperian logarithm as a function of time for a-and b-end and the equations obtained from the linear least-squares analysis of the data. The rate constant was taken as the slope of the line. From the results obtained, 0.738 d − 1 (a-end) and 0.600 d − 1 for (b-end), can be deduced that a-end is excreted in the urine faster than its isomer. As the concentrations were reduced to 50% of the initial amounts, the half-lives (t1 2 ) could be determined from the equation for each compound. a-End presented a t1 2 below 1 day while b-end required more than 1 day for reducing to 50% of the initial amount. The excretion of a-and b-end can be considered that occurs according to a first-order kinetic until 1.5 days after the application. After that, the concentration of pesticide in urine is constant as show the horizontal lines obtained.
Conclusions
An excretion study of endosulfan in urine of a pest control operator has showed that a-and b-end were excreted after an application of the pesticide in a greenhouse but the metabolites were not found above the detection limits. a-Isomer is excreted faster than b-end and the excretion rate can be explained by a first order kinetic. The half-lives were 0.738 d − 1 (a-end) and 0.600 d − 1 (b-end).
